Abstract. [Purpose] This study investigated the relationship between the amount of scapular anterior tilting and the ratio of internal and external rotation of the shoulder in a supine position. [Participants and Methods] Twenty healthy participants (8 females, 12 males) were enrolled in this study. Internal rotation (IR) and external rotation (ER) of the glenohumeral joint were performed in a supine position, and the IR and ER angles were measured using a universal goniometer. The changing distance of scapular anterior tilting was measured by a three-dimensional motion analysis tracking system while participants performed IR and ER in a supine position. Pearson's correlation coefficient was used to investigate the relationship between the distance of scapular anterior tilting and the ratio of internal and external rotation angle of the shoulder.
INTRODUCTION
Scapular anterior tilting relative to the humerus is important during activities of daily living, and excessive scapular anterior tilting may cause movement dysfunction in the shoulder 1, 2) . Specifically, excessive scapular anterior tilting relative to the humerus causes glenohumeral dysfunctions, such as impingement and rounded shoulder 2) . Increased scapular anterior tilting can also induce shortness of the pectoralis minor 2) . The degree of humerus internal rotation (IR) and external rotation (ER) in the sagittal plane plays an important role during functional and sport movements 3) . An excessive imbalance in the ratio of IR and ER can cause shoulder dysfunction during throwing when participating in athletics. In addition, insufficient IR can be caused by a tight posterior deltoid and joint capsule. However, no study has determined the relation between scapular anterior tiling and an asymmetric ratio of humerus IR and ER in the sagittal plane in a supine position. The purpose of the present study was to determine the correlation between the amount of scapular anterior tilting and the ratio of IR and ER angles in a supine position. The hypothesis of this study was that an asymmetric ratio of IR and ER would be correlated with the degree of scapular anterior tilting in a supine position.
PARTICIPANTS AND METHODS
Twenty healthy participants (8 females, 12 males) were enrolled in this study. Their mean age was 23.4 ± 2.2 (mean ± SD) years; the mean body mass was 69.1 ± 7.1 kg, and the mean height 176.7 ± 3.8 cm. The exclusion criteria included previous traumatic injuries and surgical interventions to the neck or upper limb regions. Prior to taking measurements, the participants were informed about the purpose and procedures of the study. The experimental protocols were explained in detail, and all participants signed an approved informed consent form. The shoulder range of motion (ROM) was measured using a universal goniometer (Jamar, Jackson, MI, USA), which is a 14-inch stainless steel goniometer with 360° range. Active IR and ER were measured with the arm in 90° shoulder abduction in the supine position. The examiner placed the goniometer in accordance with a textbook 3) . A pilot study showed high intra-rater reliability (ICC ranging from 0.85 to 0.91) for a single measurement of shoulder ROM in both internal and external rotation. The Polhemus Liberty electromagnetic tracking device was used to calculate the amount of scapular anterior tilting during IR and ER at 120 Hz (accuracy: 0.08 cm for position and 0.15° for orientation) 4) . The participants attached the electromagnetic motion sensor to the skin over the coracoid process. The sensor and wire were firmly secured to the same region with adhesive tape to diminish sensor motion artifacts. The changes in distance after active IR and ER compared to before were measured in millimeters. All data were analyzed using the SPSS software package (ver. 21.0; SPSS Inc., Chicago, IL, USA). The correlation between the distance of scapular anterior tilting and the ratio of IR and ER in a supine position was tested using Pearson's correlation coefficient. The significance level chosen for all analyses was p=0.05.
RESULTS
The distance of scapular anterior tilting was significantly and negatively correlated with the ratio of IR and ER angle in a supine position (r=−0.851; −0.253, respectively) (p<0.05).
DISCUSSION
This study showed a high negative correlation between the amount of scapular anterior tilting and the ratio of IR and ER angles in a supine position, suggesting that an insufficient IR angle, relative to the ER angle, may contribute to increased scapular anterior tilting. The glenohumeral joint is dependent on passive structures (bones and ligaments) and active structures (muscle activity) 3) . Insufficient internal rotation can be caused by shortness of the infraspinatus or teres minor muscle, or by limitations of the posterior capsule of the shoulder. Therefore, frequent performance of IR during functional activities may be compensated by excessive scapular anterior tilting. In addition, frequent scapular anterior tilting can contribute to the dominance of the pectoralis minor, causing muscle shortness. The shortened pectoralis minor may cause frequent scapular anterior tilting instead of shoulder internal rotation during work and during activities of daily living 5) . Therefore, scapular fixation during shoulder motion would be useful when performing range of motion exercises for selective IR with minimal scapular anterior tilting. This study had several limitations. First, measurement error may have occurred due to skin movement. Second, our results, which were obtained from a young, healthy population, cannot be generalized to patients and elderly populations. Third, the tightness of pectoralis minor was not measured.
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